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Further details of (TD-)DFT calculations
Calculations started from a linear methyl-capped hexayne (D 3 symmetry), which was subject to geometry optimization followed by frequency calculation. As mentioned in the main text, the RI-J approximation (multipole accelerated resolution of the identity) was used. The absence of imaginary frequencies confirmed that a minimum had been reached. The excited state geometry was obtained by a TD-DFT geometry optimization of the lowest energy root, taking the optimized ground state structure as a starting point. The RI-J approximation was not used in TD-DFT calculations. The vibrational frequencies of the S 1 excited state were obtained by calculating force constants within the framework of TD-DFT.
The T 1 state was tackled by taking the optimized geometry of the S 0 step and applying C 2 symmetry and a tripletoccupation Hückel wavefunction guess. The resulting system was subject to geometry optimization (UB3LYP or UPBE0) followed by frequency calculation. These calculations were able to take advantage of the RI-J approximation.
Test calculations on a helical/S-shaped polyyne and a U-shaped polyyne converged to local minima -not to linear structures. However, these local minima had higher energies than the linear structures. Vibrational frequency trends were invariant of polyyne conformation (linear, bent, S-shaped).
Calculated vibrational frequencies, reduced masses, IR intensities and mode symmetries are reproduced below for S 0 , S 1 and T 1 at the B3LYP/cc-pVTZ level of theory, within the frequency range 1700-2350 cm -1 . The frequencies are uncorrected (a scaling factor of 0.96 is generally recommended). (B3LYP/cc-pVTZ) vibrational properties for the singlet ground state (S 0 ) of H 3 C-C Full Cartesian coordinates and energies for the optimized structures of S 0 , S 1 and T 1 at B3LYP/cc-pVTZ are reproduced below. 
